Phosvitin was extracted from a chicken egg yolk and the iron-binding, along with antioxidative activity of the extracted phosvitin, was determined after mixing with ground beef at the concentrations of 100 and 500 mg/kg of meat. The electrophoretic pattern of the extracted phosvitin on SDS-PAGE was found to be identical to that of the standard phosvitin. The extracted phosvitin at 1,000 µg/mL showed an ability to bind approximately 65% of the iron in a 3 mM iron solution. Lipid oxidation was inhibited in the ground beef mixed with 500 mg/kg of the extracted phosvitin, during storage at 4
Introduction
Lipid oxidation is a serious problem in meat products because the oxidation products reduce the shelf life of food and lead to the deterioration of food quality factors such as flavor, color, texture, and nutritional value (Mielnik et al., 2006) . Lipid oxidation in meat products can be caused by several factors including handling and cooking processes, storage, and endogenous iron (Terevinto et al., 2010) . Meat products are more susceptible to lipid oxidation through mincing processes because grinding overexposes the muscle surface to air, microbial contamination, and metal oxidation catalysts (Devatkal et al., 2010; Mitsumoto et al., 2005) . To prevent lipid oxidation in meat products, much effort has been spent to identify safe and effective antioxidants. Consequently, synthetic chemicals (BHT and BHA) and natural materials (such as ones derived from grains, oilseeds, honey, fruits, and vegetables) have been found to inhibit lipid oxidation. However, synthetic antioxidants are associated with potential for adverse health effects, and some natural antioxidants were not suitable for use in meat products because of their inherent characters (Mitsumoto et al., 2005; Shahidi and Wanasundara, 1992) .
Iron is an essential dietary metal ion required by animals since it is needed for heme proteins that are involved in oxygen transport and storage in the body (Carlsen et al., 2005) . However, iron is released from heme during the meat production processes as free iron (non-heme iron) which promotes lipid oxidation in meat products through Fenton reactions (Fe 2+ or Fe et al., 2005; Estévez and Cava, 2004) . Therefore, the elimination of free iron in meat products can be a way to inhibit lipid oxidation.
Phosvitin is a phosphoglycoprotein to be found in chicken egg yolk (Anton et al., 2007) . It is known to have a specific amino acid composition that is approximately 50% serine, and 90% of these serine residues are phosphorylated (Clark, 1985) . This specific structure makes phosvitin a potent metal chelator. Phosvitin isolated from chicken egg yolk contains 2-3 atoms of iron per mole- et al., 1984; Tarborsky, 1963; Webb et al., 1973) . Previous studies suggested that phosvitin could inhibit lipid oxidation promoted by iron in meat (Lee et al., 2002; Lu and Baker, 1986) . In addition, phosvitin could be more suitable for use in meat products than natural antioxidants derived from grains, oilseeds, honey, fruits, and vegetables because it is a natural protein derived from animal product. Previous studies reported that changes in the color or flavor in cooked beef, chicken, and goat meat patties resulted from adding natural antioxidants such as ones derived from tea, kinnow, pomegranate, or grapes (Devatkal et al., 2010; Mitsumoto et al., 2005; Selani et al., 2011) . Nevertheless, phosvitin is not used as antioxidant in meat products because of the complicated procedures and cost to produce. Recently, a simple and cost-effective method was established for extracting phosvitin from chicken egg yolk using NaCl and alcohol (Ko et al., 2011) . The aim of this study was to evaluate antioxidant activity of the extracted phosvitin when present in ground beef.
Materials and Methods

Materials
Chicken eggs and a ground beef were obtained from a local market (Daejeon, Korea). Egg yolk phosvitin (used as a standard) was purchased from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals used in this study were of analytical grade and supplied by Sigma-Aldrich or Fulka Co. (Buchs, Switzerland).
Purification of phosvitin from egg yolks
Phosvitin was extracted from chicken eggs according to the method by Ko et al. (2011) . Egg yolk was separated from egg white, and the egg yolk membranes and chalaza were removed by filtering through a testing sieve (1000 µm). The filtered egg yolk was centrifuged at 4,070 g for 30 min after homogenization with two volumes of distilled water. The precipitate was homogenized with four volumes of 85% ethanol, and centrifuged at 4,070 g for 30 min to remove phospholipids. The precipitate was then homogenized with five volumes of 12% NaCl solution and centrifuged at 4,070 g for 30 min to extract the phosvitin. The supernatant was collected, filtered by an ultrafiltration system to remove NaCl (Quixstand Benchtop System using a membrane column with a 10 kDa molecular weight cut-off, GE Healthcare, Waukesha, USA). At the end of ultrafiltration, the solution without NaCl was centrifuged at 4,070 g for 30 min after the pH was adjusted to 4.0. The supernatant was lyophilized.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis For the identification of extracted phosvitin, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed with a 10% polyacrylamide gel. Proteins in the gels were stained using Coomassie Brilliant Blue with 0.1 M aluminum nitrate as previously described (Hegenauer et al., 1977) and destained in a 10% acetic acid solution.
Iron binding capacity of phosvitin
Iron binding capacity of the isolated phosvitin was determined by a modified colorimetric ferrozine method (Riemer et al., 2004) . A sample solution was made using the following procedure. A mixture of 1.66 mL distilled water, 20 µL of 1.0 to 5.0 mM FeCl 3 in distilled water, and 20 µL of 1,000 µg/mL phosvitin in distilled water was transferred to conical tubes (15 mL). The mixture was left at room temperature for 1 min. Next, 0.2 mL of 5 mM ferrozine was blended with 0.1 mL of 1% ascorbic acid in distilled water and added to the tubes. After 5 min at room temperature, the final color change was monitored using a spectrophotometer (DU530, Beckman Instruments Inc., USA) at 562 nm using distilled water as a blank. The iron binding capacity was calculated with the following equation:
Where A 0 indicates the absorbance of the sample solution without the phosvitin solution, and A 1 indicates the absorbance of the sample solution with the phosvitin solution.
Preparation of ground beef samples Beef loin muscles (Longissimus dorsi) were purchased from 3 different markets, trimmed, and ground separately through a 3 mm-plate. The ground beef from a market was divided into three treatment groups as follows: 1) the control (ground beef with 1% distilled water (v/w) without phosvitin), 2) GBP 100, ground beef with 1% distilled water containing phosvitin; 100 mg/kg of meat, and 3) GBP 500, ground beef with 1% distilled water containing phosvitin; 500 mg/kg of meat. After adding the phosvitin solution, the ground beef was thoroughly mixed with a
